Abstract Coronary artery bypass grafting (CABG) with cardiopulmonary bypass (CPB) is associated with intense activation of hemostatic mechanisms. But the precise knowledge of the effects of eliminating CPB in patients undergoing off-pump coronary artery bypass grafting (CABG) are not well established. The present study was carried out to compare and document the changes in selected coagulation and fibrinolysis variables in patients undergoing on-pump and off-pump CABG (OPCAB). A total of 42 patients of on-pump and 31 patients of off-pump CABG were selected for the study. Platelet count, prothrombin time (PT), activated partial thromboplastin time (APTT), thrombin time (TT), Fibrinogen and D-dimer levels were measured immediately, 24 h and 7 days after operation and compared with the baseline preoperative values. Statistical analysis was done by mixed ANOVA for repeated measures and Posthoc tests using the Bonferroni correction, Chi square and unpaired t test. All the parameters were significantly changed (P \ 0.05) with the time. Platelet counts, fibrinogen and D-dimer levels were significantly different between onpump and off-pump CABG patients on immediate and 24 h postoperative period and attained almost same level after 7 days of operation. Fibrinogen level and platelet counts were increased after a sharp fall in the immediate postoperative period whereas D-dimer levels were persistently increased with a sharp peak of rise in the immediate postoperative period in on-pump group. On-pump surgery was associated with excessive fibrinolytic activity immediately after operation. The off-pump group demonstrated less activation of coagulation and fibrinolysis and delayed postoperative response that became almost equal to the on-pump group in the later postoperative period.
Introduction
Off-pump coronary artery bypass grafting (OPCAB) has been established as an alternative to on-pump coronary artery bypass grafting with cardiopulmonary bypass (CPB). OPCAB can be performed on all coronary artery systems with good early [1] and midterm [2] results. The potential advantages of OPCAB are still issues of debate; however, the whole body inflammatory reaction caused by CPB may be attenuated. Studies, mainly performed in patients undergoing coronary artery bypass grafting (CABG), have shown that CPB use is associated with activation of several metabolic pathways and cellular components leading to a systemic inflammatory response [3] . This response has mainly been documented to occur in the early hours after surgery, but some studies have shown a marked activation of the hemostatic, thrombotic, and inflammatory systems to persist for several weeks after coronary surgery [4] [5] [6] [7] . The clinical advantage of OPCAB versus standard on-pump CABG is, however, still debated [8, 9] . It is also unclear whether CPB is the main cause of the postoperative inflammatory and procoagulant responses that occur after cardiac surgery; recently, it has been hypothesized that surgical trauma, in addition to CPB, may cause activation of inflammatory and coagulation-fibrinolytic pathways [10] . Despite efforts to improve the biocompatibility of the circuits for extracorporeal circulation, activation of inflammatory pathways of coagulation and fibrinolysis remains of major concern for the potential pathologic consequences. We therefore investigated whether activation of coagulation and fibrinolysis differed between patients undergoing on-pump and off-pump CABG at the end of surgery.
Materials and Methods

Study Design
The present study was conducted in 73 consecutive patients, who came to the department of Cardiothoracic Surgery in one and half year (01.01.2011-30.06.2012) of the study period requiring elective CABG according to guidelines [11] for surgical revascularization established by the American College of Cardiology (ACC) and American Heart Association (AHA), considered suitable for both on-pump and OPCAB procedures, were enrolled in the study. Patients were assigned to undergo on-pump (n = 42) or off-pump (n = 31) surgery depending on simple random allocation method. The study was carried out after obtaining the proper approval from the ethical committee of the institution and after getting the informed consent from patient party. 
Surgery and Anesthesia
The patients underwent a standard median sternotomy operation. Similar standardized anesthetic protocol was used in both types of surgery. On-pump surgery was performed with CPB in combination with cold crystalloid cardioplegia for myocardial protection. Off-pump surgery was performed on the beating, normothermic heart with local cardiac wall immobilization with an Octopus tissue stabilizer. During onpump surgery, patients were cooled to 32°C, whereas during off-pump surgery, patients were actively warmed to maintain a core temperature not lower than 35°C. Before connection to CPB in on-pump group, heparin was administered at a dose of 300 IU/kg to achieve an activated coagulation time (ACT) of more than 450 s. At the end of CPB, heparin was neutralized by protamine chloride at a dose of 3 mg/kg and additional protamine was administered until the ACT was less than 150 s. Before the anastomosis was started, heparin at a dose of 150 IU/kg was administered to achieve an ACT of more than 250 s in off-pump (OPCAB) group. At the end of the operation, protamine (25-50 mg) was administered if an ACT [150 s was measured. All patients were admitted postoperatively in the intensive care unit and extubated when hemodynamically stable, fully rewarmed, awake, without surgical bleeding, and with optimal blood gases.
Blood Sampling
Venous blood samples were drawn at the following intervals: preoperatively after the induction of anesthesia (Time Stago). The analysis was conducted for both unadjusted data and for data adjusted for dilution depending on hematocrit value using the following formula: corrected parameter = (measured parameter 9 initial hematocrit)/ measured hematocrit.
Statistical Methods
Statistical analysis was done by mixed ANOVA for repeated measures with a Greenhouse-Geisser correction and Post-hoc tests using the Bonferroni correction, Chi square and unpaired t test using IBM SPSS statistics version 20 and MedCalc software. P value \0.05 was considered statistically significant.
Results
Patient characteristics are listed in Table 1 . Demographic and perioperative variables were similar in both groups, Table 2 where most of the variables are showing significant differences (P value\0.05) between two groups of patients on 2nd and 3rd time points except PT, PR, INR and TT. Repeated measures ANOVA with a Greenhouse-Geisser correction (Table 3) revealed an overall significant difference over time for all the parameters, time-group interactions were significant in all the parameters except PT, PR and INR, overall group differences were significant only in adjusted fibrinogen level, unadjusted and adjusted D-dimer levels. Most of the parameters demonstrated significant differences (P value \0.05) on pair-wise comparison of laboratory variables between two time-points by Bonferroni's Post-hoc test (Table 4) . Changes in hemoglobin level with time are clearly depicted in Fig. 1 in two groups of patients. Platelet counts, fibrinogen and D-dimer levels were significantly different between on-pump and offpump CABG patients on immediate and 24 h postoperative period and attained almost same level after 7 days of operation. Platelet counts and fibrinogen levels were increased after a sharp fall in the immediate post-operative period (Figs. 2a, b, 3a , b) whereas D-dimer levels (Fig. 4a, b) were persistently increased with a sharp peak of rise in the immediate post-operative period in on-pump group.
Discussion
The abnormalities of coagulation and fibrinolysis variables associated with CPB heart surgery have been extensively investigated because of the occurrence of hemorrhagic perioperative syndromes, which significantly complicates the outcome of heart surgery patients [12] . Recently, OP-CAB has been revisited because of the introduction of stabilizer systems permitting satisfactory results, [13, 14] and an increasing number of centers have adopted this modality of surgery as their first choice [15] [16] [17] [18] . Because of the obvious difference in the degree of hemodilution occurring with the two surgical modalities, we chose to adjust the changes in hemostatic variables for those observed in hematocrit values. Our results show that after correction for the variables, differences in platelet counts between two groups were reduced, sharp fall in fibrinogen level in immediate postoperative period was corrected to a greater extent and the sharp peak of rise of D-dimer level in the immediate post-operative period more increased in onpump group. This prospective study demonstrated a tendency towards decreased activation of both coagulation and fibrinolysis in low risk patients during elective OPCAB compared with CPB. To exactly evaluate the role of CPB the same level of heparinization would have been needed. Casati et al. [19] reported consumption of antithrombin and fibrinogen in both groups but plasminogen activation and D-dimer formation during surgery in the CPB group only. Englberger et al. [20] found reduced activation of both coagulation and fibrinolysis in OPCAB patients. Several investigators [21] [22] [23] have previously demonstrated increased levels of F1 ? 2 in patients undergoing cardiac operations with CPB. Casati et al. [19] reported a decrease in platelet count during surgery and an increase 24 h after surgery in the CPB and no important changes in the OPCAB group. Møller and Steinbrüchel [24] demonstrated an increase in platelet activation after OPCAB and a temporary platelet dysfunction in the CPB group. A limitation of our study was that we did not measure the platelet functions.
The incidences of thrombotic events such as stroke and myocardial infarction were similar in the on-pump and offpump groups. The technique of coronary bypass surgery was not identified as independent predictors of long-term (10 years) mortality [25] .
Other studies have consequently compared the activation of the coagulation system in patients undergoing CABG with or without CPB. Englberger et al. [20] analyzed 27 patients assigned in a randomized fashion to undergo myocardial revascularization either with the offpump technique (9 patients) or with CPB (16 patients). Plasma levels of fibrin monomer, thrombin-antithrombin complex and D-dimer were significantly higher in the onpump group immediately after surgery, whereas they were similar 18 h postoperatively. Lo et al. [26] evaluated 40 patients who underwent coronary surgery with or without 2) and D-dimer levels were significantly lower in patients having CABG surgery performed off-pump. In OPCAB patients, F1.2 and D-dimer levels increased more gradually and peaked on day 4. In both groups, plasma concentrations of von Willebrand factor increased from the first postoperative day compared with baseline and peaked at 4th postoperative day. Paulitsch et al. [27] observed that concentrations of PAI-1 and D-dimer were greater early after surgery in patients undergoing on-pump surgery. And opined that the prothrombotic state might be a consequence of extracorporeal bypass, compensation in response to bleeding or both. Vedin et al. [28] similarly observed lower concentrations of fibrin D-dimer and prothrombin fragment 1 ? 2 during surgery in the off-pump group (P \ 0.001). Paparella et al. [29] concluded that thrombin formation was more pronounced in patients having on-pump bypass grafting. Patients subjected to off-pump bypass grafting had normally functioning platelets and a weak activation of the fibrinolytic system. Parolari et al. [30] observed that activation of coagulation and of fibrinolytic pathways as well as of endothelium were relatively delayed in off-pump group compared to on-pump group. And suggested that the avoidance of extracorporeal circulation protects from the early appearance of a prothrombotic state. All these observations are comparable to that of our study.
In this prospective study of OPCAB versus on-pump CABG, we found two temporally different patterns: the CPB group had a significantly more pronounced activation of coagulation and fibrinolysis in the immediate postoperative period, whereas the OPCAB group demonstrated a delayed postoperative response that became almost equal in magnitude to that of the CPB group in the later postoperative period.
Conclusions
On-pump surgery was associated with excessive fibrinolytic activity immediately after operation. The off-pump group demonstrated relatively less activation of coagulation and fibrinolysis and delayed postoperative response in comparison to on-pump group.
